Intervertebral disc degeneration (IDD) is a common reason of lower back pain (LBP), affecting 70%-85% of all people at some point in their lives. 1 The aetiology of LBP is complex, with nociception driven by a combination of mechanical, inflammatory, and struc- 
extracellular matrix (ECM), as well as preserve the biomechanical properties of healthy IVDs.
The IVD is an alymphatic and avascular tissue consisting of 3 distinct compartments: the gel-like nucleus pulposus (NP), cartilaginous endplates present on the superior and inferior surfaces, and the annulus fibrosus (AF), which can be further categorized into outer (OAF) and inner (IAF) layers. [6] [7] [8] The AF, in particular the OAF, withstands both tensional and strain forces, while the NP resists compressive loads applied to the spine. The NP is frequently implicated in IDD, and as such, has been the focus of much research into the pathophysiology and molecular mechanisms of IDD.
YAP has been found to be a key mechanotransducer, activated by a series of nuclear relays driven by mechanical stimuli. 9 YAP has been implicated in the regulation of organ size as part of the canoni- Recently, some laboratories have sought to identify triggers of Hippo signalling activation. One such discovery is the control of YAP activity by the F-actin, which is not only required for cell morphological changes that accompany ECM binding and cell-cell adhesion but is also required for Hippo-mediated regulation of cell proliferation in both mammals and flies. [10] [11] [12] [13] What is more, G-protein-coupled receptors could modulate Hippo pathway through F-actin. Specific processes include stabilization of F-actin, which leads to YAP activation, whereas disruption of F-actin, which in turn results in YAP inactivation.
Although several studies have implicated the cytoskeleton in mechanotransduction, the role of F-actin in the IVD remains poorly understood. In addition, the means by which nucleus pulposus cells (NPCs) sense their microenvironment, and the relationship and mechanism between YAP and F-actin in the development of IDD are not well understood. In our present study, we investigated the roles of Hippo signalling and F-actin in the NP and AF of immature (4 weeks), mature (14 weeks), ageing (50 weeks), and disc degeneration model (14 weeks which after annulus puncture at 4 weeks) rats.
Furthermore, we describe the mechanism by which Hippo pathway and F-actin interact in NPCs.
| MATERIAL S AND ME THODS

| Animals and IDD analysis
Animal experiments were approved by the Institutional Animal Care and Use Committee in Southeast University School of Medicine.
There are four groups in this study were analysed: a natural IDD group at 4 weeks (4w), 14 weeks (14w), and 50 weeks (50w) and a disc injury induced-IDD group (P4w). The 10-week-old rat coccygeal discs 5-9 were percutaneously punctured. Analyses were performed at 4 weeks (P4w) postoperatively, with the 14w group used as the P4w control. Forty male SD rats were randomly divided into 4w group, 14w group, P4w group and 50w group on average. IDD was analysed by X-ray, MRI and haematoxylin and eosin (HE) staining, as described previously. 
| SA-β-Gal staining
| Immunofluorescence staining
The coccygeal 5-9 discs were dissected, fixed and decalcified in 
| qPCR
Extraction of total RNA from NPCs and NP tissues using Trizol reagent. cDNA was synthesized and subjected to qPCR with genes primers in the presence of SYBR Green One according to previous study. Fold change of interested mRNA expression was normalized by GAPDH (Table 1 ).
| Western blot
NP tissue or NPCs protein samples were boiled at 95°C for 5 minutes and subjected to SDS-PAGE (10%). Then the proteins (40 μg) were separated and transferred onto a NC membrane.
The membranes were incubated and were detected with primary antibodies: p-YAP, YAP, LATS1, LATS2, F-actin, AMOT, CTGF and GAPDH (Table 2 ). Labels were quantified using the ImageJ software. 
| Virus transfection
| Laser scanning confocal microscopy assay
Nucleus pulposus cells were seeded in six-well plates at a density of 1 × 10 6 cells/well. After 24 hours, the NPCs were washed, fixed, permeabilized, blocked, and incubated AMOT130 and F-actin antibodies for 1 hour. Finally, DAPI was added and incubated for 10 minutes, then observed under laser scanning confocal microscopy. 
| Coimmunoprecipitation assay
| Statistical analyses
All results were expressed as mean ± SD. We performed statistical analysis using one-way ANOVA test. A value of P < .05 was considered statistically significant. 
| RE SULTS
| YAP and F-actin activated in acute annulus injury
| Nuclear localization of YAP requires F-actin cytoskeleton integrity
To study the relationship between Hippo signalling, F-actin and YAP, we first examined the role of cytoskeletal integrity during YAP localization in the absence of NPCs. Cells were treated with pharmacologi- 
| LATS-mediated regulation of YAP is blocked by F-actin inhibitor
Next, we investigated the effects of the cytoskeletal integrity and 
| LATS is a secondary regulator of YAP but LATS depletion inhibits YAP phosphorylation
Although the YAP and its downstream target gene CTGF increased in
NPCs treated with Sh-LATS1/2, Ki67 and SA-β-Gal staining showed no increase in cell proliferation and senescence relative to controls 
| F-actin and YAP compete for binding to AMOT130 and sequester YAP in the cytoplasm
Several recent studies have shown that YAP can bind to AMOT family proteins. [16] [17] [18] Binding of YAP to AMOT is mediated through its WW1 domain, which suggests that AMOT may restrict YAP transcriptional activity by competing for these binding sites. Therefore, we sought to examine changes in AMOT expression in relation to YAP, and to investigate the effects of these changes on interactions between F-actin and LATS. AMOT130 protein increased in response to disruption of F-actin by Lat B (Figure 8A ,B) as well as LATS1/2 inhibition in NPCs, relative to the Sh-Control (Figure 8C,D) .
To investigate the mechanism behind the decreased NPCs proliferation and increased senescence following the F-actin inhibition, and also observe whether F-actin and AMOT130 were interrelated, we examined for AMOT130 that interact with F-actin using Co-IP and co-localization. In the present study, the interaction between F-actin and AMOT130 was confirmed by CO-IP assay. What is more, laser scanning confocal microscopy showed that AMOT130 and F-actin were co-localized in NPCs. Competitive binding of F-actin and YAP to AMOT130 appears to underlie the ability of F-actin to prevent AMOT130 from binding and sequestering YAP in the cytoplasm. 19 Together these results suggest a model in which AMOT130
is sequestered on F-actin structures. However, when cells were treated with Lat B, leads to the release of AMOT130, allowing it to bind to and inhibit YAP.
| D ISCUSS I ON
Hippo pathway activity is heavily influenced by extracellular hormones, such as epinephrine, glucagon, thrombin and sphingosine-1-phosphate. 20, 21 These hormonal cues appear to be regulated Cytoskeleton proteins, including F-actin, directly influence cell morphology. 28 To evaluate the role of F-actin in YAP activity and localization, F-actin was disrupted by Lat B in normal cell cultures. The possible reason is that these tissues have MST1/2-independent regulators of YAP.
A major difference in our results compared to other studies is that mutating critical LATS1/2 phosphorylation residues did not block YAP inactivation by mechanical stress, and disruption of F-actin did not affect YAP phosphorylation. 15 More recent studies appear to contradict this finding, with evidence of LATS serving as an epistatic regulator of stress fibres, as well as F-actin regulating YAP through Hippo pathway, which acts either on LATS or upstream. 
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